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ABSTRACT

One of the most important aspects in designing a
VHF receiver is the system constraints that are im-
posed by the environment that the receiver must op-
erate in. A systematic technique for designing a
receiver as an integral part of an overall system has
beendeveloped. This technique allows straightforward
receiver design considering all the pertinent system
constraints. The major design considerations are:
(a) all pertinent existing system constraints, (bA opti-
mization of the received S/N for given intermodulation,
dynamic range, and bandwidth, (C) ease of operation,
and (d) ease of maintenance. A resulting polarization-
diversity VHF receiver for a specific application was
built using this technique.

PROBLEM STATUS

This is a final report on one phase of the NRL
Problem; work on other phases is continuing.
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A POLARIZATION DIVERSITY VHF RECEIVER

INTRODUCTION

The VHF receiver to be described was designed to operate with a special-purpose
receiving system. A simplified block diagram of this system is shown in Fig. 1. The
antenna is two orthogonally polarized yagi arrays with horizontal and vertical elements.
Two matched preamplifiers are remotely located on an antenna tower to overcome line
loss and determine the system noise figure (NF). The signal environment is such that
the optimum receiving polarization is constantly changing. The incoming signal is
amplitude-modulated with sine-wave-type information at rates varying from 4 kHz to
20 kHz.

E HORIZONTAL RE| LI NE| MUT HRZNA

IRIA W_~!i`_ COUPLER VERTICAL RECEIVER
|AMPLIFIER|[OS.

Fig. 1 - Simplified diagram of the system with which the
receiver was designed to operate

DESIGN GOALS

The three main design goals considered are (a) optimization of the received signal-
to-noise ratio (S/N) for given intermodulation, dynamic range, and bandwidth, (b) ease of
operation, and (c) ease of maintenance.

There are only a limited number of ways to optimize the received S/N. The trans-
mitted signal level and bandwidth are fixed and cannot be improved upon by the receiver.
However, by minimizing the noise added by the receiving process and optimizing the re-
ceived signal the received S/N can be maximized. The S/N is maximized in this re-
ceiver by (a) minimizing the noise figure of the receiver by using a low-noise RF ampli-
fier in the front end, (b) providing proper gains through the system, (c) prefiltering the
incoming RF signal to minimize intermodulation, crossmodulation, and spurious-Impulse
signal response, (d) using polarization diversity to insure the maximum available S/N
while still retaining operational reliability, (e) using optimum bandwidths which have
sharp-rolloff characteristics, (f) using a proper IF frequency, and well designed circuitry
which will keep interfering signals to a minimum, and (g) providing a stable local
oscillator.

This receiver must perform with minimum operator adjustment and monitoring 24
hours a day. Hence any operator adjustments which can be eliminated add to the overall
system efficiency. Experience has shown that operators have varying degrees of train-
ing and motivation, which means that system efficiency increases toward a constant when
the human operator interface is decreased. Therefore this receiver uses automatic

I



2 PRICE AND VAN DE WALLE

polarization diversity, automatic gain control, well lighted and labeled front-panel
switches, and digital tuning of the receiver.

When designing equipment for use in an operational environment, special emphasis
must be placed on reliability and ease of maintenance. Generally reliability is more im-
portant than performance in an operational environment. Equipment should be designed
so that a failure can be isolated and remedied quickly. Hence this receiver is completely
solid state, has modular construction with easily accessible modules for fast replace-
ment, has troubleshooting aids designed into it, has fault detection circuitry with warning
lights on the front panel for easy problem recognition, and has conventional field-tested
circuits.

VHF RECE[VER PORT[ON

HORIZO NTA

VERTCA VIE CICUTR

LOCA\L OSCILLATOR|

I-MF~z D GITAL R F
tPT CiRCUITRY CIRCUITRY LOCAL OSCILLATOR 1-9MzOTU

FREQUENCY SYNTHESIZER

Fig. 2 - The polarization diversity VHF receiver

,1 2 N

Fig. 3 - The receiver with the module drawers pulled out
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Fig. 4 - Top view of the receiver
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Fig. 5 - Front view of the receiver
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GENERAL DESCRIPTION

This receiver is a digitally tunable, dual-channel, single-conversion superhetero-
dyne that is connected to receive horizontal polarization on one channef and vertical po-
larization on the other for polarization diversity. The polarizations are combined by a
sharp-selection diversity combiner; therefore the theoretical discussions will need cover
only single-channel effects. A block diagram of the receiver is shown in Fig. 2. Figures
3, 4, and S show the completed receiver. This receiver is of modular construction, so
that two of the three major parts are accessible without removing the receiver from the
rack in which it is mounted. The three major portions of this receiver are: the VHF
receiving portion (left-hand drawer), the digital frequency synthesizer (right-hand
drawer) the comparator circuitry (at the left rear). Table 1 is a brief summary of the
receiver characteristics. The design of each of the three major parts of this receiver
will be discussed individually.

Table 1
Receiver Specifications

Item I Specification

Receiver type

Frequency range

Receiver noise figure

Minimum saturable dynamic range

Local-oscillator frequency

RF 3-dR bandwidth

Type of detector

IF frequency

IF bandwidth

IF shape factor

Method of frequency control

Stability

Number of channels

Spurious response

Image response

Method of Installation

Operating temperature range

Video bandwidth

Single- conversion superheterodyne

136.0 to 130.0 MHz

6 dB maximum

45 dB

166 to 169 MHz

5 MHz

Quadratic envelope detector

30 MHz

8, 16, or 32 kHz

3:1 at 8 klz and 2:1 at 16 and 32 kHz

Digitally tuned frequency synthesizer

3 parts per million

Two (vertical and horizontal polarization)

65 dB minimum

100 dB minimum

Rack mountable

30 to 130C

10 kHz

EEWEEEW~ ~~~~~~~~
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DESIGN OF THE VHF RECEIVING PORTION

Theory

The thermal noise power can be found from

PN = kTBeq i

where k is Boltzmann's constant, T is the noise temperature of the receiver, and Bgq is
the equivalent bandwidth of the receiver. If B, < BIF, where B, is the video bandwidth
and BIF is the IF bandwidth, then

Beq t (2BBIF, - BV 2)1/2 (1)

The noise temperature T of a system can be related to the noise figure NF and the ther-
modynamic temperature of the system To (taken by convention to be 2900K) by

T - (NF- 1) To

or

NF = 1 + T

For cascaded systems

T2 T3
T = T + + G +

T, GI G2

NF2 - 1
NF = NFI + G

NF3 - I
+ - +..

G1 G2

NFN - 1
+ . _ _

G1G2 GN-1

where NF is the ratio of the signal-to-noise ratio of the source divided by the signal-to-
noise ratio at the output:

S /N.
NF =

So/No,

System Constraints

The system constraints which must be defined at this point are the following:

and

TN

* G1G2 .. GN- I
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Maximum Typical Minimum

Antenna noise temperature 29W'K

Preamplifier power gain 25 dB 23 dB 21 dB

Preamplifier noise temperature 2120K 1920 K I&00K
Line loss 6 dB 4 dB 3 dB

Multicoupler gain 6 dB

Multicoupler noise temperature 4350K 2900K 2900K
Prefiltering loss 15 dB

Estimated receiver noise temperature 8650K 4350K 2900K
IF bandwidth 32 kHz 8 kHz

Video bandwidth = BV 10 kHz

Detector sensitivity -35 dBm -40 dBm

Required Gain

The required gain can be calculated by first calculating the equivalent bandwidth 9,
the system noise temperature T, and the noise figure NF. As stated previously,

Beq = (2 BBIF v2 ) B2 (

Thus

B (min) - (2x 1O 4 x8x 103i- 18)

_O . 7g ,< 14

- 8 kHz

and

BEq(max) - (2Y 104 x 32 x 103 - 101 

- 23 kHz

The minimum system noise temperature can be calculated using the minimum esti-
mated receiver noise temperature and the other appropriate values previously given:

T2 T3 T_,
T - Ti + t - + -

GI GIG2 G1 G2 G3

where T1 is the noise temperature of the preamplifier plus the noise temperature of the
antenna (1 800K + 290CK 4700K), GC is the maximum gain of the preamplifier (25 dB =
360), T2 is the noise temperature of minimum line loss (2900K), G2 is the minimum line
loss (3 dBE 0.5), T3 is the minimum noise temperature of the multicoupler (2900 K),
G3 is the gain of the multicoupler (6 dB = 4), and T4 is the estimated minimum receiver
noise temperature (2900K), so that

6
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T- 4700 K+ 290'K 2900K 2900K
T n 470K + -+ +

360 (360)(0. 5) (360)(0. 5)(4)

= 4700 K + 0.800 + 1.600K + 0.400 K

= 472. 80 K

and

T 472.80KNFl l + i7 = a = 2.63 = 4. 2 dB.
To 290'K

Note that a receiver noise figure in the range of 3 to 6 dB will not have a sigificant
effect on the system noise figure.

The tangential sensitivity T. S. by convention is a signal-to-noise ratio of

S/N 8. 5 d3

Since S/N = o when the signal power P8 equals the noise power Pn, or

P = Pn - kTB X
s eq

then

T. S. = kTB + 8.5 dB

The minimum detectable signal in this system would occur when the system noise
figure and bandwidth are a minimum. The power of this signal is calculated from

T. S. = kTBq + 8.5 dB + NF

where kTB 174 dflm for a 0-dB noise figure at 1 Hz, so that

kTB = 133 dB

for B3 q(min) - 8 kHz, and where

NF(min) = 4. 2 dB

Hence the minimnum detectable signal is

T.S. = -133 dB + 8.5 dB + 4.2 dB = 120.3 dBm.

The gain required to detect the calculated signal of power -120.3 dBm is equal to the
detector sensitivity minus the tangential sensitivity. This is the maximum gain Gm.x re-
quired in the receiving system:

G6nax = maximurm detector sensitivity - T.S.

- -35 dB - (-120.3) dB = 85.3 dB.

The receiving system must have this amount of gain or it will be gain limited. Todeter-
mine how much of this gain is needed in thareceiver, a worst-case system analysis is
used:
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Preamplifier gain 21 dB

Line loss -6 dB

Multicoupler gain 6 dB

Prefiltering loss -0.5 dB

Gain external to the receiver 20.5 dB

The gain needed in the receiver is then

G = G - G = 85.3 dB -- 20.5 dB = 65 dB 
rev! max ext

Circuit Design

A block diagram of the receiving portion of the receiver is shown in Fig. 6. Figure
7 shows a more detailed block diagram of one channel. Figure 8 shows one channel of
the actual receiver. Figure 9 is the schematic diagram of this channel.

_ _ ._ _ L~~~~~~~~~[1 f ILtFRlER; VICEO
HORIZONTAL PRE- R F CRYSTAL AGC AMPLFRER;

tNPU~~~~~~~~~~~~~~~~~~~~~~~I FLtROhETEjrj 91EC.TER _ tFO G

VERTICAL PRE- P F CRYSTAL AGC AWLIFIER;

INPUT FiLTER CONVERTER FILTERS DETECTORS A

Fig. 6 - VHF receiving portion of the system

r--F----i-- 
I X {Am I t5

| R F CON)hVERTER I C RYSTAL FILTERS I[
L- _ __ _ ___ __ __ - _ _ __ _ __-- 

1 ..I -A61 -L~.-L . Lii -. .- iDRIVER| {Aey lA7' (A8 i ~~~lA91 (ASk IA1OVA-

I 1 F AMPLIFtERS IL ……………… ----- ---- J
Fig. 7 - One channel ul the VHF receiving portion
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MIXER
(42)

RF AMPLIFIER
(Ai)

POWER DECOUPLI NG _

(AI2)

BFO (All)

3Ro IF AMPLIFIER ..-

(AS)

2ND IF AMPLIFIER

AGC STAGE (A7)

IF BUFFER
S AMPLIFIER (A31

POWER
DECOUPLING (44)

CRYSTAL FILTERS
- 8, 16, 32 KHz

( AS)

AGC AND VIDEO
DRIVER lAIb)

4TH IF AMPLIFIER,
E DETECTORS (A9)

i 1ST IF AMPLIFIER

E AG)

Fig. 8 - One channel of the VHF receiving portion

The receiver gain distribution is:

RF converter

Crystal filters

IF amplifiers

Total

30 dB

-10 dB

45 dB

65 dB

The RF gain is needed to establish a reasonable receiver NF, but too much RF gain
causes unnecessary intermodulation distortion and cross products. If too much gain is
built into the IF or RF section, stability and dynamic range becomes a problem. The
crystal-filter loss is fixed.

I R
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The prefiltering is accomplished by a four-pole, high-Q, iris-coupled filter. The
loss in this filter directly adds to the noise figure of the receiver; however it prevents
unwanted out-of-band signals from entering the receiver. If these signals were to enter
the receiver, they and their intermodulation products would appear as noise and decrease
the S/fN of the wanted received signal.

Circuit Al is the RF front-end amplifier. This solid-state unit provides sufficient
RF gain to offset the mixer noise and the noise contributed by the remainder of the re-
ceiver. This RF amplifier employs a 2N3371 transistor as a common-emitter amplifier
with a matching circuit on the input and a parallel tuned output. The transistor is biased
to minimize intermodulation distortion, which is 78 dB down from the main signal. The
input matching circuit transforms the input impedance of the RF amplifier to match the.
output impedance of the input filter. The inductor in the tuned output provides a similar
matching into the mixer, circuit A2.

The active mixer, circuit A2, is also a common-emitter amplifier. The transistor
is biased so as to take advantage of the nonlinear characteristic of the base emitter Junc-
tion to provide mixing action. The local-oscillator and the RF signals are fed into the
base of this transistor. A high-side conversion is performed, giving a 30-MHz IF fre-
quency. The IF frequency appears at the parallel-tuned collector circuit. The inductor
provides the impedance transformation for matching into the buffer amplifier.

Circuit A3 is the IF buffer amplifier, which also employs a common-emitter ampli-
fier. This amplifier provides isolation between the mixer and crystal filters. The out-
put of this circuit is taken off the resistive load that goes into a pi attenuator. This
attenuator provides a nonreactive 50-ohm source to drive the crystal filters.

The different bandwidth filters are switched in and out of the circuit by using coaxial
relays, which are packaged next to them. This switching is done via a switch on the front
panel of the unit. There are three selectable bandwidths: 8, 16, and 32 kHz.

The input to the 1st IF amplifier, circuit A6, is through a pi-attenuator section which
presents a 50-ohm impedance to the output of the crystal filters. The 1st IF amplifier is
a common-emitter amplifier with a resistive load. Resistive loads are used in all the IF
stages except the 2nd IF amplifier and AGC stage, circuit A7. There is no video gain in
this unit, all amplification coming from RF and IF stages. This allows compact circuits,
but presents stability problems. To insure absolute stability, low-impedance resistive
loads were used instead of high-impedance tuned circuits which act as antennas.

The 2nd IF amplifier and agc stage, circuit A7, is forward acting through control of
the emitter current. The emitter current is controlled by varying the voltage on the
base of the transistor. The SE5055 transistor is used because of its linear gain-Versus-
emitter-current characteristic.

The 3rd and 4th IF amplifiers, circuits AS and A9, are common-emitter amplifiers
with resistive loads. 2N2884 transistors are used because of the power-handling capa-
bility and good power gains. The output of the 4th IF has dc-coupled to it the signal de-
tector and the age detector. The time constant of the age circuit is controlled by the age
detector. The agc amplifier and driver is in circuit A10. The gain of the agc loop is
controlled by the operational amplifier in this circuit. The emitter-follower stage: sup-
plies the necessary drive capability. The drive for the video output is also supplied by
an emitter follower in Al0.

The beat-frequency oscillator (BFO), circuit All, is a crystal-controlled oscillator
that oscillates at 30MHz, the IF frequency. The transistor has a parallel-tuned Circuit
in the collector. The positive feedback necessary to sustain oscillation is provided from

11
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the collector through the small capacitor to the emitter. The output is taken from the
collector tank circuit, with the inductor acting as the impedance transformer. The output
of the BFO is injected into the base of the 4th IF stage.

DESIGN OF THE FREQUENCY SYNTHESIZER

The frequency synthesizer contains the necessary digital and analog circuitry for the
accurate control and generation of the local oscillator for the VHF receiving portion of
the receiver. This unit also contains the necessary circuitry to detect a malfunction in
the oscillator control circuitry and light an indicator lamp on the front panel. The two
main parts of this unit, the RF and digital circuitry, will be considered separately for
simplicity, even though they are contained in a single modular unit of the receiver. Fig-
ure 10 is a block diagram of the frequency synthesizer. Figure 11 is a photograph of
this section in the receiver.

166-169-M~z BUFFER (SE-lBS-Mtz TO MIXER CIRCUIT AZ

[_.~~~~Fg 10m - Frqecysnheie
R AMPE Circui

associated drivers and filters.41

sizer~~~ and a MU 166-t169-ME sina as theC local oclaOr#oec hnelo h H e

D ITRESET INA1LA-AND 

DETERATOR CIRCUITRY FRN A£

cueivngcaryfh systeierciem.y Teerystigcnalsared generaed in theil two mixers acodng t
This z ~NPUT EN t l zf signa Ca

celvmg ~ ~ ~ ~~ig par Ffesse.Ths inlrequeny raythedsizhe tomiesrcodgt

RF~~ ~ ~ Circuitry= 1o(
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Fig. 11 - Frequency synthesizer A.M

75410(1j

Fig. 12 - RF portion of the frequency synthesizer
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where f.. (crystal oscillator) is 92.000 MHz, f1,, (voltage-controlled oscillator) is 74
to 77 MHz, f l,, (receiver local oscillator) is 166 to 169 MHz, f . (frequency sutpjplied to
synthesizer) is 16 to 19 MHz.

As can be seen from Fig. 10 the two signals are generated by mixing the two oscil-
lators and using both the sum frequency, Eq. (2), and the difference frequency, Eq. (3).

Circuit B1 in Fig. 13 is the voltage-controlled oscillator. The frequency of; oscilla-
tion is determined by the tank circuit in the collector formed by L2, C3, C4, CS, and
VR1. VRI is a varactor or voltage-controlled capacitor. Thus when a dc voltage applied
to VRI and the capacitance in the tank circuit changes, the resonant frequency changes
and the frequency of oscillation changes. This dc control voltage is derived.in the digital-
to-analog converter and is generated in such a way as to bring the VCO to the desired
frequency. Two pi-attenuators are impedance-tapped on inductor C2 to providd a VCO
output to the two mixers, circuits 132 and 25. It also provides some isolation between
these two outputs.

Circuit B8 in Fig. 13 is the 92.000-MHz crystal oscillator. This oscillator also em-
ploys a tuned collector, with positive feedback provided from this output tank circuit
through capacitor C3 to the emitter. Two pi-attenuators are also impedance-tapped on
inductor L2 of this circuit to provide the oscillator output to the two mixers; B2 anid 85.

Circuit B2 in Fig.13 is the sum frequency mixer. This active mixer, whose;'ollec-
tor is a parallel resonant circuit tuned to the sum frequency of the crystal and voltage
controlled oscillators, supplies the 166-to-169-MHz local oscillator through the buffer
amplifier and bandpass filter to the receiver. The two oscillators provide the input to
the base of the transistor. The nonlinear base-emitter characteristic produces the sum
frequency at the collector of the mixer.

Circuit B5 operates in the same manner as 132, except that the collector circuit is a
resistive load and the difference frequency appears there. This supplies the 16-to-19-
MHz signal for the buffer amplifier and bandpass filter.

Circuit B6 is the 16-to-19-Mhz buffer amplifier. This is an RC-coupled amplifier
used to amplify the 16-to-19-MHz signal to a level that is sufficient for the digital.cir-
cuitry to operate. This circuit is a basic RC-coupled amplifier with some frequency-
response shaping done with the emitter-bypass capacitor Cl. The output of the buffer
amplifier drives a bandpass filter, circuit B7.

The 16-to-19-Mllz bandpass filter, circuit B7, is a four-section linear phase Butter-
worth filter. This filter is used to filter the unwanted harmonics from the 16-to-19-MHz
signal generated in the mixers. This provides a low-distortion signal for the digital cir-
cuitry to operate on.

Circuit 83 is the 166-to-169-MHz buffer amplifier. This is a common-emitter am-
plifier. This is a common-emitter amplifier with a parallel resonant tuned collecftor.
This amplifier provides isolation between the mixer circuitry and the bandpass ffite,
circuit 84. Inductor LI in the collector circuit forms a transformer, so that an imped-
ance match is achieved between the amplifier output and the filter input.

Circuit B4, the 166-to-169-MHz bandpass filter, is a four-section linear phase But-
terworth filter. This circuit is used to filter all the unwanted harmonics generated in
the mixing process and feed a low-distortion signal to the local oscillator. The pi-
attenuators at the input and output of the filter provide impedance matching, and they
also serve to reduce the local-oscillator signal level to a point where optimum mixing
action occurs. The output of this filter is split and drives the mixer circuits in both
channels of the receiver portion.

...
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Digital Part of the Frequency Synthesizer

General Block Diagram - Figure 10 shows a block diagram of the frequency synthe-
sizer. Figures 14 and 15 show the digital section. This circuitry basically involves a
set of thumbwheel switches, preset logic, a five-stage BCD preset counter, a reference
interval generator, error-detecting circuitry, sample-and-hold circuitry, and a de am-
plifier.

I

.4 Kj

Fig, 14 - Card locations in the digital portion
of the frequency synthesizer

The reference interval generator consists of a series of counters which count down
the I-MHz clock signal. This interval generated is basically as stable as the I-MHz
clock signal.

The five-stage BCD counter is preset from the thumb-wheel switches through the
preset logic shown in Figs. 16 and 17. The counter is preset in such a way that if the
voltage-controlled oscillator (VCO) were oscillating at the frequency necessary to tune
the receiver to the setting of the thumbwheet switches, the BCD preset counter would
reach a count of 99999 in exactly one interval of time as generated in the reference in-
terval generator.

-

16
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r a AZ, f l

Fig. 15 Back-plane wiring in the digital part
of the frequency synthesizer

If the frequency of the VCO were too high, the five-stage BCD counter would .fill :up
(reach 99999) before the end of the reference interval. The error-detecting circuitry
would detect this error, generate a correction voltage in the sample-and-hold circuitry,
and through the dic amplifier send this voltage to the VCC in such a way that the VCO:
would become tuned to the desired frequency. This process would be repeated at the
reference interval rate until the VCO became stabilized at the desired frequency. A.
similar sequence of events would occur if the frequency of the VCO were too low; the
difference is that the counter would not be filled up in one reference interval; one error
detecting circuit would sense this and create a correction voltage in the direction 'to:"..:
bring the VCO to the proper frequency.

Detailed Operation - The four thumibwheel switches, which are located on the:.front
panel as the right-hand four digits, are B3CD switches.

The output of the thumbwheel is fed into the unit, through buffering inverters, ito the
preset logic. The output of the preset logic is used to preset the five-stage BCD couniter
in such a way that if the correct frequency f ; were applied to the synthesizer, the, fie-
stage BCD counter would reach the 99999 stage in one reference interval. The counter
reads one cycle or one zero of the input crossing-signal frequency as one count; the
number of counts the BCD counter reads in one reference interval is then
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Since the circuitry actually detects when the COD counter reaches 99999, the counter
is preset to the compliment of the number. The one-count ambiguity is made up in
gating-circuit delays.

Using the following information, an expression can be derived relating the actual RF
frequency on the thumbwheel switches to the decimal number the five-stage BCOD counter
is preset to:

counts - f S X (reference interval).

Since the circuitry actually detects when the BCD counter reaches 99999, the counter
is preset to the compliment of the number. The one- count ambiguity is made up in
gating-circuit delays.

Using the following information, an expression can be derived relating the actual REF
frequency on the thumliwheel switches to the decimal number the five-stage BOD counter
is preset to:

fRF - 136.000 to 139.000 MHz-RF receiver range,

f = 79.000 to 82.999 MHz-voltage-controlled oscillator,

f 2 = 92.000 MHz -crystal oscillator,

f lo= 166.000 to 169.000 MHz -receiver local oscillator,

frF = 30.000 MHz-receiver IF frequency

f 16.001 to 19.000 MHz - synthesizer frequency,

RReference interval = S X 0- 3 see.

The following equations relate the various frequencies in the receiver to each other:

fRF = flo fIF

f5. O fe vco

The following relationship can be derived from the above:

Preset number = (f RF x5X 10- 3) - 7.3 x 105 .

Figure 1f shows the five-stage DCD counter, the all-91s gating, and the shaping
Schmitt trigger. Transistors Ql and Q2 form the Schmitt trigger that drives the counter.

IC0 through IC5 form the five-stage DCD preset counter. The counter is preset to
the DCD number appearing on pins 3, 4, 10, and 11 of each decade. These BCD numbers
are strobed into the five-stage counter with signal PS (preset strobe} generated in the
reference interval generator. The counter is disabled during the preset time by gate I09.
Each IC is a divide-by-10 counter.

20



Fig. 18 - Five-stage BCD counter, all-9's gating, and shaping Schmitt trigger)
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IC6, IC7, and ICS form the gating that detects the aIl-9's condition in the five-stage
counter. 108 is a JK flip-flop used to generate signals SAMPLE and SAMPLE. These
signals are used in the sample-and-hold circuitry to generate the error or correction
voltage signal. This flip-flop is normally reset; but when the all-91s condition is de-
tected, the flip-flop is set-enabled and is then set on the next clock pulse from the
Schmitt trigger. The flip-flop is then reset enabled by the signal-preset strobe and reset
on the next clock pulse. The preset-strobe signal is generated in the reference interval
circuit.

Figure 19 shows the circuitry that generates the reference interval and the preset-
strobe signal. This circuitry is basically two divide-by-lO counters, followed by syn-
chronous divide-by-5 and divide-by-11 counters.

The reference interval is thus generated by counting down the stable, external
l-MHz clock signal to the reference interval, which is a signal that has a 5.5 msee pe-
riod and a 500-gse pulse width. This gives the reference interval a time of 5.0 msec.

As seen from Fig. 19 the I-MHz shaping network is made up by Q and Q2 . The
network transforms the sine-wave input into a square-wave signal, suitable for operation
of the logic circuitry. This network requires a minimum signal level of 3 volts peak to
peak into 50 ohms to operate properly. IC3 and IC4 are nonsynchronous divide-by-t1
counters. These circuits divide the I-MHz signal to 100 kHz and then to 10 kHz.

As seen from Fig. 20, IC9, IC10, and IC10 form a synchronous divide-by-5 counter.
The gating in IC1 in Fig. 20 merely changes the duty cycle of the tO-KHz signal from
IC4 in Fig. 19. The 100-kHz signal is used for the clock signal in the divide-by-5 and
the divide-by-l1 counter. In Fig. 20, IC5, IC6, and 1C7 along with the four-input gate of
IC3 and the two-input gate of IC-2 form the divide-by-li counter. The output of this
counter provides the REF and REF signals (see Fig. 21 for the timing of these various
signals).

The preset-strobe signal is formed with the four-input gate 103. The preset-strobe
signal PS is made to occur 10 msee before each 5.0-msec reference interval. This pre-
sets the counter to the new number and allows the counter to start counting as soon as
the preset-strobe signal goes down.

As Fig. 19 shows, C3, RI, SWI, and the two four-input gates in IC2 form a network
that insures that the counters and flip-flops in the reference interval generator come on
in the proper states when the system is energized. If SWI, normally closed, is opened,
the preset strobe line is held up so the five-stage PCD counter can be continuously pre-
set for testing purposes.

In the previous discussion on the five-stage 3CD counter, the SAMPLE and SAMPLE
signals were generated. As will be recalled, in the earlier discussion it is the timing of
the reference interval of REF and REF signals and the SAMPLE and SAMPLE signals
that generates the error signal and ultimately the VOC correction voltage.

Figure 22 shows the sample-and-hold circuitry. 105 and 1/4 101 perform the gating
of the sample and reference signals generating the error signal. The timing of this gat-
ing arrangement is shown in Fig. 23. Figure 23A shows the case where VOC frequency
is too high and the five-stage BCD counter reaches the all-9's condition before the end of
the reference interval and consequently the sample signal is not coincident with the ref-
erence signal. Thus the error signal, when the VOO frequency is too high, is made up of
of SAMPLE - REF. This signal occurs on the output of 1/4 I01 or at TP3 in Fig. 22.Figure 28T illustrates the case where the VCO frequency is too low and the BOB counter
is not filled up to the all-P1s condition during the reference interval. Again the sample

22
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Fig. 21 - Timing of the +sv I l
preset-strobe signal REF
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and reference intervals are not in coincidence. Thus, the error signal in this case is
made up of REF * SAMPLE and is inhibited by the preset strobe signal PS inRorder to
prevent corrections from being made during presetting of the BCD counter.

It is well to note that when the VCO frequency is correct, the sample and reference
signals are coincident and no output occurs at either of the two error-signal lines:de-
scribed above.

With reference again to Fig. 22, when the VCO is either too high or too low in fre-
quency, the appropriate error signals are generated and applied to IC6. This Is a;dual-
FET analog switch that is used to charge or discharge capacitor C15 through resistors
R4 and R5. As described earlier, when the VCO frequency is low, a positive error signal
is generated and applied to the input of the analog switch IC6. This causes a positive
5-volt signal to charge capacitor C15 through resistor R4. The capacitor will essentially
hold the value it is charged to until the next error voltage is generated at the next sample
interval. When the VCO frequency is high, an error voltage is generated on the other
input to the analog switch. This generates a negative 5-volt signal to discharge C15
through R5.

It is well to note that the amount that capacitor C15 is charged and discharged is di-
rectly proportional to the width of the error signals. The time constants are arranged in
such a way that the synthesizer will lock into the proper frequency in less than 200 msec.

The correction voltage generated in this fashion is basically now a dc level. This de
level is isolated by a high-input-impedance voltage-follower amplifier IC7. This, ampli-
fier has unity gain and serves merely to isolate the time constant of C15 from the other
circuitry. This dc level is then fed to the dc-amplifier circuitry. The digital-to-n1lgog-
converter circuit also provides a voltage to the dc-amplifier circuit.

Figure 24 is the schematic diagram of the digital-to-analog converter. The function
of this circuitry is to provide a coarse-tuning voltage to the VCO through a buffer !aapli-
fier and the dc amplifier. Thus, as the thumbwheel switches are tuned from 136.000 MHz
to 139.000 MHz, the BCD output of these switches is converted to a dc level that coarsely
tunes the VCO to the approximate frequency. The sample-and-hold circuit then provides
the fine tuning of the VCO to the exact frequency.



Fig. a4 - $ample-a-dMhold frctvitry

a0
P s 15
REF. 15

SAMPLE 17

REF IS
SAMPLE 19

tSV DC y

± 5V DC 21

+ 15V DC 3

-15 DC 4

GND I

d VSW

C)

zo

-C
z

0

r;O
r:



NRL REPORT 7139 27

REF F1

SAMPLE e_ _

SAMPLE e Rfll
A. SAMPLE SIGNAL EARLY

Fig. 23 - Timing of signals in the REF fvco FREQUENCY LOW
generation of the error signal f U FREQUENCY HIGH 71

SAMPLE e

REF.SAMPLE*PS

8. SAMPLE SIGNAL LATE

fvC0 FREQUENCY HIGH
fS FREQUENCY LOW

Not all the bits from the BCD thumbwheel switches are used in the digital-to-analog
converter. The first bit on the most significant decade, the first and second bits on the
next most significant decade, and all four bits on the third most significant decade are
the only bits used to feed the digital-to-analog converter. IC1 in Fig. 24 operates on the
three most significant bits to provide two actual bits to the digital-to-analog converter.

Transistors Q1 through Q. form the actual six-bit digital-to-analog ladder conver-
sion network. These transistors are used as switches, normally open or not conducting.
They are actuated by the positive-going signal on the base. This effectively places the
collector resistor of the switching transistor in parallel with any other transistors in the
ladder that are conducting and in series with R13 and R14. Thus the digital-to-analog
ladder conversion network, equivalent circuitwise, is a variable voltage divider made up
of R13 and R14 forming the fixed part and the ladder network forming the variable por-
tion. So, as the thumbwheel switches are tuned from 136.000 MHz to 139.000 MHz, the
resistance of the ladder network is continuously decreased, causing the voltage of TP1 to
decrease in a continuous fashion.

IC1 in Fig. 24 insures that the three most significant bits from the thumbwheeli
switches also present a linearly changing (increase or decreasing) bit pattern to the lad-
der network. The output of the ladder network is fed to the dc amplifier through the buf-
fering voltage follower IC2.

Figure 25 shows the dc-amplifier schematic. This amplifier provides the proper dc
gain in the feedback loop from the error circuitry and digital-to-analog converter to.the
control voltage for the VCO. This circuit has two signal inputs: one from the digital-to-
analog converter and V,11 from the sample-and-hold circuitry. RL9 provides gain adjust-
ment for the dc amplifier.
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Figure 26 shows the unlock indicating circuitry. This circuitry performs two func-
tions: it indicates whether the 10 kHz from the 1-MHz countdown reference generator is
functioning, and it indicates whether the error signals that are being generated are being
caused by frequency errors in excess of 1 kHz.

The 19-kHz or 1-MHz indicating circuitry receives a 10-kHz signal generated in the
reference-interval generator by dividing the 1 -MHz signal by 100. This signal is buf-
fered by two inverters of IC-1 and then peak-detected by diode CR1, capacitor C4, and:
resistor R6. A dc level is generated at this point which, when compared to the refer-
ence signal on the other input to the voltage comparator (IC8's output) is held high, and
the lamp driver Q3 is not turned on. If the 10-kHz or I-MHz signal is removed, the volt-
age at the output of the peak detector drops and the output of the voltage comparator falls,
causing Q3 to conduct and the unlock lamp to come on.

Transistor Q3 is driven by nor gate IC1 to allow two functions to activate the unlock
lamp. The second function that can activate the unlock lamp is the error-detecting cir-
cuitry. This circuitry, also shown in Fig. 26, is basically a pulse-width discriminator
and two decade counters. The two inputs to this circuit are the two error signals. de-
scribed earlier formed by REF - SAMPLE and REF - SAMPLE S PS. These sign4s,.gae.X
nor-gated together, and the output is sent to a pulse-width discriminator.

As stated earlier this circuitry is designed to detect frequency errors in the synthe-
sizer of greater than 1 kHz; this corresponds to an error pulse width of approximately
330 msec from the error-detecting circuitry. Consequently when the input to the pulse-
width discriminator is a pulse of width greater than 330 msec, the first decade counter
IC5 is incremented. When this counter reaches the count of eight, two JK flip-flops of

29
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msec. So the unlock light will blink on and off at this rate. When the 1-MHz or 10-kflz
signal is removed, the unlock light will be activated continuously.

DESIGN OF THE COMPARATOR CIRCUITRY

The comparator portion of the receiver must decide which of the incoming polariza-
tions has the best S 'N and switch the receiver output to look at the proper polarization
or channel. In this receiver the decision is based on the age voltages of the two:channels.
Figure 27 is a block diagram of the comparator circuit, Fig. 28 is a schematic diagram,
and Fig. 29 is a photograph. The comparator is a separate module to facilitate mainte-
nance.

_Fr AMP
-JRIVERS |

HJREIZONTAL AGC_ 

HORZNA IE VIDEO
VERTICAL VIDEO FET OUTrPUT VIDEOOUTPUT OUTVUTD- 

,WITCH OUTPU0 , 

AUDIO AUDIO
AMPLIFIERPOUTPUT

Fig. 27 - Comparator

With reference to Fig. 28 the agc voltages are decoupled by L1, Cl, and C5 and L2,
C2, and C6. This eliminates any ac that may have been picked up. The two agc voltages
are compared by the UA710 comparator. The 180-kilohm or feedback resistor gives: 2
dB of hysteresis to the comparator. The output of the comparator controls the DG144L
metal-oxide-semiconductor FET switch. This IC acts as a SPDT switch, switching the
output to the desired video input. The output of the comparator also controls light, driv-
ers which activate lights located on the front panel of the receiver. This allows an oper-
ator to visually check for correct operation. The video output of the switch goes :topa::
driver which drives the output connector on the back panel and the single-ended push-pull
audio amplifier. This video amplifier amplifies the audio signal, and the output is fed to
a connector on the rear panel of the receiver.
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Fig. 29 - Comparator

BIBLIOGRAPHY

1. Schwartz, M., Bennett, W.R., and Stein, S., "Communication Systems and Tech-
niques," New York McGraw-Hill, 1966

2. Blair, W.L., and Ammerman, C.R., "Effect of Bandwidth on Receiver Sensitivity,"
HRB-Singer, Inc., Internal Report

3. Blake, L.V., "Antenna and Receiving-System Noise-Temperature Calculation," NRL
Report 5668, Sept. 1961


